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(57) ABSTRACT

Disclosed are a novel-structural compound including a
S-membered heterocycle, an organic electronic device using
the same, and a terminal thereof.
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FIG.2

|_— CATHODE(107)

_— LIGHT EMITTING LAYER(105)

_— HOLE TRANSPORT LAYER(104)

_— HOLE INJECTION LAYER(103)

|_— ANODE(102)

|_— SUBSTRATE(101)




Patent Application Publication  Apr. 5,2012 Sheet 3 of 6 US 2012/0080670 A1

FIG.3
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FIG.4
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FIG.5
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COMPOUND CONTAINING A 5-MEMBERED
HETEROCYCLE AND ORGANIC
LIGHT-EMITTING DIODE USING SAME,
AND TERMINAL FOR SAME

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a compound con-
taining a S-membered heterocycle, an organic electronic
device using the same, and a terminal thereof.

[0003] 2. Description of the Prior Art

[0004] In general, an organic light emitting phenomenon
indicates conversion of electric energy into light energy by
means of an organic material. An organic electronic device
using the organic light emitting phenomenon generally has a
structure including an anode, a cathode, and an organic mate-
riallayer interposed therebetween. Herein, in many cases, the
organic material layer may have a multi-layered structure
having respective different materials in order to improve effi-
ciency and stability of an organic electronic device. For
example, it may include a hole injection layer, a hole transport
layer, a light emitting layer, an electron transport layer, an
electron injection layer, and the like.

[0005] Materials used as an organic material layer in an
organic electronic device may be classified into a light emit-
ting material and a charge transport material, for example, a
hole injection material, a hole transport material, an electron
transport material, an electron injection material, etc. accord-
ing to their functions. Then, the light emitting material may be
divided into a high molecular weight type and a low molecu-
lar weight type according to their molecular weight, and may
be divided into a fluorescent material from electronic singlet
excited states and a phosphorescent material from electronic
triplet excited states according to their light emitting mecha-
nism. Further, the light emitting material can be classified into
a blue, green or red light emitting material and a yellow or
orange light emitting material required for giving a more
natural color, according to a light emitting color.

[0006] Meanwhile, when only one material is used as a
light emitting material, an efficiency of a device is lowered
owing to a maximum luminescence wavelength being moved
to a longer wavelength due to the interaction between the
molecules, the deterioration of color purity and the reduction
in light emitting efficiency. Therefore, a host/dopant system
can be used as the light emitting material for the purpose of
enhancing the color purity and the light emitting efficiency
through energy transfer. It is based on the principle that if a
small amount of a dopant having a smaller energy band gap
than a host forming a light emitting layer is mixed with the
light emitting layer, excitons which are generated in the light
emitting layer are transported to the dopant, thus emitting a
light having a high efficiency. Here, since the wavelength of
the host is moved according to the wavelength of the dopant,
alight having a desired wavelength can be obtained according
the kind of the dopant.

[0007] In order to allow the organic electronic device to
fully exhibit the above-mentioned excellent characteristics, a
material constituting the organic material layer in the device,
for example, a hole injection material, a hole transport mate-
rial, a light emitting material, an electron transport material
and an electron injection material should be essentially com-
posed of a stable and efficient material. However, the devel-
opment of a stable and efficient organic material layer mate-
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rial for the organic electronic device has not yet been fully
realized. Accordingly, the development of new materials is
continuously desired.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a
novel-structural compound including a 5-membered hetero-
cycle, an organic electronic device using the same, and a
terminal thereof, in which high efficiency, color purity
improvement, and long lifetime of the light emitting device
can be achieved due to the characteristics of the compound.
[0009] In accordance with an aspect of the present inven-
tion, there is provided a compound represented by Formula
below.

Rg

Ro

[0010] The inventive novel-structural compound including
a S5-membered heterocycle may be used as a hole injection
material, a hole transport material, a light emission material,
and an electron transport material appropriate for a fluores-
cent or phosphorescent device of all colors (such as red,
green, blue, white, etc.) according to synthesized compounds
in an organic electronic device, and is useful as ahost material
for various colors of a phosphorescent dopant.

[0011] Accordingly, the present invention provides a novel-
structural compound including a 5-membered heterocycle, an
organic electronic device using the same, and a terminal
thereof.

[0012] According to the present invention, the organic light
emitting diode using the compound including a 5-membered
heterocycle may be used as a hole injection material, a hole
transport material, a light emission material, and an electron
transport material appropriate for a fluorescent or phospho-
rescent device of all colors, and is useful as a host material for
various colors of a phosphorescent dopant. Also, the com-
pound may be used as a fluorescent or phosphorescent host
material of a light emitting device, thereby significantly
improving luminous efficiency, color purity, and lifetime.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other objects, features and advan-
tages of the present invention will be more apparent from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

[0014] FIGS. 1 to 6 show examples of an organic light
emitting diode which can employ a compound according to
the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0015] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
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accompanying drawings. In reference numerals given to com-
ponents of respective drawings, it should be noticed that same
components are designated by the same reference numerals
as far as possible although they are illustrated in different
drawings. Further, in the following description of the present
invention, a detailed description of known functions and con-
figurations incorporated herein will be omitted when it may
make the subject matter of the present invention rather
unclear.

[0016] Inaddition, terms, such as first, second, A, B, (a), (b)
or the like may be used herein when describing components
of the present invention. Each of these terminologies is not
used to define an essence, order or sequence of a correspond-
ing component but used merely to distinguish the correspond-
ing component from other component(s). It should be noted
that if it is described in the specification that one component
is “connected,” “coupled” or “joined” to another component,
a third component may be “connected,” “coupled,” and
“joined” between the first and second components, although
the first component may be directly connected, coupled or
joined to the second component.

[0017] The present invention provides a compound repre-
sented by Formula 1 below.

[Formula 1]

Rg Ry

,<_

[0018] (1) R, through R, each are independently selected
from the group consisting of a hydrogen atom, a halogen
atom, a cyano group, an alkoxy group, a thiol group, a sub-
stituted or unsubstituted alkyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted alkoxy group having 1 to
50 carbon atoms, a substituted or unsubstituted alkenyl group
having 1 to 50 carbon atoms, a substituted or unsubstituted
arylene group having 5 to 60 carbon atoms, a substituted or
unsubstituted aryl group having 5 to 60 carbon atoms, a
substituted or unsubstituted aryloxy group having 5 to 60
carbon atoms, a substituted or unsubstituted C,~Cs, alkyl
group having at least one of sulfur (S), nitrogen (N), oxygen
(0), phosphorous (P) and silicon (Si), a substituted or unsub-
stituted Cs~Cg,, heteroaryl Is group having at least one of
sulfur (S), nitrogen (N), oxygen (O), phosphorous (P) and
silicon (81), and a substituted or unsubstituted Cs~Cy, het-
eroaryloxy group having at least one of sulfur, nitrogen, oxy-
gen, phosphorous and silicon.

[0019] (2) R, through R, each may form a substituted or
unsubstituted saturated or unsaturated ring together with an
adjacent group.
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[0020] (3) X is at least one selected from sulfur, oxygen or
silicon.
[0021] (4) Y is selected from the group consisting of a

hydrogen atom, a halogen atom, a cyano group, an alkoxy
group, a thiol group, a substituted or unsubstituted alkyl
group having 1 to 50 carbon atoms, a substituted or unsubsti-
tuted alkenyl group having 1 to 50 carbon atoms, a substituted
or unsubstituted arylene group having 5 to 60 carbon atoms,
a substituted or unsubstituted aryl group having 5 to 60 car-
bon atoms, a substituted or unsubstituted aryloxy group hav-
ing 5 to 60 carbon atoms, a substituted or unsubstituted
C,~Cs, alkyl group having at least one of sulfur, nitrogen,
oxygen, phosphorous and silicon, a substituted or unsubsti-
tuted C5~C, heteroaryl group having at least one of sulfur,
nitrogen, oxygen, phosphorous and silicon, and a substituted
or unsubstituted Cs~Cy, heteroaryloxy group having at least
one of sulfur, nitrogen; oxygen, phosphorous and silicon.

[0022]
[0023] (6) the compound having the structural formula
above may be used for a soluble process.

[0024] Formula 1 may be represented by Formulas 2 to 7
below according to preparation and synthesis methods.

(5) n 1s an integer from 1 to 3.

[Formula 2]

[Formula 3]
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3
-continued -continued
[Formula 4] [Formula 7]
Y
[0025] Formula 2 above may be represented by Formula 8
below.
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[Formula 5]
1-1
S
Q O N
1-2
S
N OO
1-3
[Formula 6] g |
420 ey
14




800000
¢

SNjN
J

SNNIN\

()
e

-continued
1-9
S
OO0y
A@

N

%T@

0 OTD
.



-continued -continued
1-13 1-17
S ’
N
O oy L
" | |
| N
N A

“’w d’o**@

e QN

16 Q s
0o C
o*



US 2012/0080670 A1l
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[0026] Formula 3 above may be represented by Formula 9
below.

[Formula 9]

Apr. 5,2012

-continued

2-2

23

24

2-5

2-6



US 2012/0080670 A1l Apr. 5,2012

-continued -continued




US 2012/0080670 A1l Apr. 5,2012
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-continued

[0027] Formula4 above may be represented by Formula 10
below.

[Formula 10]
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-continued

[0028] Formula 5 above may be represented by Formula 11
below.

[Formula 11]
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-continued
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[0029] Formula 6 above may be represented by Formula 12
below.

15

[Formula 12]
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-continued
5-20

@ indicates text missing or illegible when filed

[0030] Formula 7 above may be represented by Formula 13
below.

18

[Formula 13]
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-continued

@ indicates text missing or illegible when filed

[0031] According to one embodiment of the present inven-
tion, specific examples of a compound including a 5-mem-
bered heterocycle, represented by Formula 1 may include
compounds represented by Formulas 2 to 7, and further may
be represented by Formulas 8§ to 13. However, the present
invention is not limited thereto.

[0032] There exist various organic electronic devices
which employ compounds including a 5-membered hetero-
cycle, as described with reference to Formulas 1 to 13, as an
organic material layer. The organic electronic devices in
which compounds including a 5-membered heterocycle, as
described with reference to Formulas 1 to 13, can be
employed, may include, for example, an organic light emit-
ting diode (OLED), an organic solar cell, an organic photo
conductor (OPC) drum, an organic transistor (organic TFT),
and the like.

[0033] As one example of the organic electronic devices in
which compounds including a 5-membered heterocycle, as
described with reference to Formulas 1 to 13, can be used, an
organic light emitting diode (OLED) will be described below,
but the present invention is not limited thereto. The above
described compound including a 5-membered heterocycle
may be applied to various organic electronic devices.

[0034] In another embodiment of the present invention,
there is provided an OLED including a first electrode, a sec-
ond electrode, and an organic material layer interposed
between these electrodes, in which at least one of organic
material layers includes the compounds represented by For-
mulas 1 to 13.

[0035] FIGS.1 to 6 show examples of an OLED which can
employ a compound according to the present invention.
[0036] The OLED according to another embodiment of the
present invention may be manufactured by means of a manu-
facturing method and materials conventionally known in the
art in such a manner that it can have a conventionally known
structure, except that at least one of organic material layers
including a hole injection layer, a hole transport layer, a light

21
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emitting layer, an electron transport layer, and an electron
injection layer is formed in such a manner that it can include
the compounds represented by Formulas 1 to 13.

[0037] The structures of the OLED according to another
embodiment of the present invention are shown in FIGS. 1 to
6, but the present invention is not limited to the structures.
Herein, in the embodiment shown in FIG. 1, the reference
numeral 101 indicates a substrate, 102 indicates an anode,
103 indicates a hole injection layer (HIL), 104 indicates a
hole transport layer (HTL), 105 indicates a light emitting
layer (EML), 106 indicates an electron injection layer (EIL),
107 indicates an electron transport layer (ETL), and 108
indicates a cathode. Although not shown, such an OLED may
further include a hole blocking layer (HBL) for blocking
movement of holes, an electron blocking layer (EBL) for
blocking movement of electrons, and a protective layer. The
protective layer may be formed in such a manner that it, as an
uppermost layer, can protect an organic material layer or a
cathode.

[0038] Herein, the compound including a 5-membered het-
erocycle, as described with reference to Formulas 1 to 13,
may be included in at least one of organic material layers
including a hole injection layer, a hole transport layer, a light
emitting layer, and an electron transport layer. Specifically,
the compound including a 5-membered heterocycle, as
described with reference to Formulas 1 to 13, may be substi-
tuted for at least one of a hole injection layer, a hole transport
layer, a light emitting layer, an electron transport layer, an
electron injection layer, a hole blocking layer, an electron
blocking layer, and a protective layer, or may be used in
combination with these layers. Of course, the compound may
be used for not only one layer of the organic material layers
but also two or more layers.

[0039] Especially, the compound including a 5-membered
heterocycle, as described with reference to Formulas 1 to 13,
may be used as a material for hole injection, hole transport,
electron injection, electron transport, light emission, and pas-
sivation (capping). Especially, it may be used alone as a light
emitting material, a host or a dopant.

[0040] For example, in manufacturing of the OLED
according to another embodiment of the present invention, a
metal, a conductive metal oxide, or an alloy thereof is depos-
ited on a substrate by means of PVD (physical vapor deposi-
tion) such as sputtering or e-beam evaporation so as to form
an anode, and then an organic material layer including a hole
injection layer, ahole transport layer, a light emitting layer, an
electron transport layer, and an electron injection layer is
formed thereon, and a material used as a cathode is deposited
thereon.

[0041] Besides, on a substrate, a cathode material, an
organic material layer, and an anode material may be sequen-
tially deposited so as to provide an organic electronic device.
The organic material layer may be formed in a multi-layered
structure including a hole injection layer, a hole transport
layer, a light emitting layer, an electron transport layer, and an
electron injection layer, but the present invention is not lim-
ited thereto. It may be formed in a single layer structure.
Further, the organic material layer may be manufactured with
a smaller number of layers by using various polymer materi-
als by means of a solvent process (e.g., spin coating, dip
coating, doctor blading, screen printing, inkjet printing, or
thermal transfer) instead of deposition.

[0042] In the OLED according to another embodiment of
the present invention, the organic material layer may be
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formed by a soluble process, such as a spin coating process or
aninkjet process, of the above described compound including
a 5-membered heterocycle.

[0043] The substrate is a support for the OLED, and may
employ a silicon wafer, a quartz or glass plate, a metallic
plate, a plastic film or sheet.

[0044] On the substrate, an anode is positioned. Such an
anode allows holes to be injected into a hole injection layer
positioned thereon. As an anode material, a material having a
high work function is preferably used so that injection of
holes into an organic material layer can be smoothly carried
out. Specific examples of an anode material used for the
present invention may include: metals (such as vanadium,
chromium, copper, zinc, gold) or alloys thereof; metallic
oxides such as zinc oxide, indium oxide, indium tin oxide
(ITO), indium zinc oxide (IZ0); a metal-oxide combination
such as ZnO: Al or SnO,:Sb; and conductive polymers such as
poly(3-methylthiophene),  poly[3,4-(ethylene-1,2-dioxy)
thiophene|(PEDT), polypyrrole and polyaniline, but the
present invention is not limited thereto.

[0045] On the anode, a hole injection layer is positioned. A
material for such a hole injection layer is required to have a
high efficiency for injecting holes from an anode, and to be
able to efficiently, transport the injected holes. For this, the
material has a low ionization potential, a high transparency
against visible light, and a high stability for holes.

[0046] As a hole injection material, a material into which
holes can be well injected from an anode at a low voltage is
used. Preferably, HOMO (highest occupied molecular
orbital) of the hole injection material ranges from a work
function of an anode material to HOMO of adjacent organic
material layers. Specific examples of the hole injection mate-
rial may include metal porphyrine-, oligothiophene-, and ary-
lamine-based organic materials, hexanitrile hexaazatriph-
enylen- and quinacridone-based organic materials, perylene-
based organic materials, and anthraquinone-, polyaniline-,
and polythiophene-based conductive polymers, but the
present invention is not limited thereto.

[0047] On the hole injection layer, hole transport layer is
positioned. Such a hole transport layer receives holes trans-
ferred from the hole injection layer and transfers them to an
organic luminescence layer positioned thereon. Further, the
hole transport layer has a high hole mobility and a high hole
stability and performs a role of blocking electrons. Besides
these general requirements, it requires heat-resistance against
a device when applied for car display, and thus is preferably
made of a material having a glass transition temperature (Tg)
of 70° C. or more. The examples of a material satisfying these
conditions may include NPD (or NPB), spiro-arylamine-
based compound, perylene-arylamine-based compound, aza-
cycloheptatriene compound, bis(diphenylvinylphenyl)an-
thracene, silicongermaniumoxide compound, silicon-based
arylamine compound, and the like.

[0048] On the hole transport layer, an organic lumines-
cencelayer is positioned. Such an organic luminescence layer
is made of a material having a high quantum efficiency, in
which holes and electrons which are injected from an anode
and a cathode, respectively, are recombined so as to emit
light. As a light emitting material, a material allowing holes
and electrons transferred from a hole transport layer and an
electron transport layer, respectively, to be combined so as to
emit visible light is used. Preferably, a material having a high
quantum efficiency against fluorescence or phosphorescence
is used.
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[0049] As a material or a compound satisfying these con-
ditions, for a green color, Algq3 may be used, and for a blue
color, Balg(8-hydroxyquinoline beryllium salt), DPVBi(4,4'-
bis(2,2-diphenylethenyl)-1,1'-biphenyl) based, Spiro mate-
rial, spiro-DPVBIi(Spiro-4.4'-bis(2,2-diphenylethenyl)-1,1'-
biphenyl), LiPBO(2-(2-benzoxazoyl)-phenol lithium salt),
bis(diphenylvinylphenylvinyl)benzene, aluminum-quinoline
metal complex, imidazole, thiazol and oxazole-metal com-
plex, or the like may be used. In order to improve the lumi-
nous efficiency of a blue color, perylene, and BezVBi(3,3'[(1,
1I"-bipheny!)-4,4'-diyldi-2,1-ethenediyl]bis(9-ethyl)-9H-
carbazole; DSA(distrylamine)) may be doped in a small
amount. For a red color, a green light emitting material may
be doped with DCITB([2-(1,1-dimethylethyl)-6-[2-(2,3,6,7-
tetrahydro-1,1,7,7-tetramethyl-1H,5H-benzo(ij)quinolizin-
9-yl)ethenyl]-4H-pyran-4-ylidene]-propanedinitrile) in a
small amount. When a process such as inkjet printing, roll
coating, spin coating, is used to form a light emitting layer,
polyphenylenevinylene (PPV)-based polymer or poly fluo-
rene may be used for an organic luminescence layer.

[0050] On the organic luminescence layer, an electron
transport layer is positioned. Such an electron transport layer
requires a material which has a high efficiency for electrons
injected from a cathode positioned thereon, and can effi-
ciently transport the injected electrons. For this, a material
having a high electron affinity, a high electron mobility, and a
high electron stability is required. The examples of an elec-
tron transport material satisfying these conditions may
include Al complex of 8-hydroxyquinoline; complex includ-
ing Alq,; organic radical compound; and hydroxyflavone-
metal complex, but the present invention is not limited
thereto.

[0051] On the electron transport layer, an electron injection
layer is layered. The electron injection layer may be manu-
factured by using a metal complex compound (such as Balq,
Alq3, Be(bq)2, Zn(BTZ)2, Zn(phq)2, PBD, spiro-PBD,
TPBI, and Tf-6P) or a low molecular material including an
aromatic compound having an imidazole ring or a boron
compound. Herein, the electron injection layer may be
formed in a thickness range of 100 A to 300 A.

[0052] On the electron injection layer, a cathode is posi-
tioned. Such a cathode performs a role of injecting electrons
into the electron injection layer. As a material for the cathode,
the same material as that used for an anode may be used. In
order to achieve efficient electron injection, a metal having a
low work function is more preferable. Especially, metals such
as tin, magnesium, indium, calcium, sodium, lithium, alumi-
num, silver, or alloys thereof may be used. Further, a double-
layered electrode (e.g., lithiumfluoride and aluminum,
lithium oxide and aluminum, and strontium oxide and alumi-
num) with a thickness of 100 um or less may be used.
[0053] The OLED according to the present invention may
be manufactured in a front luminescent type, a rear lumines-
cent type, or a both-side luminescent type according to its
materials.

[0054] Meanwhile, the present invention provides a termi-
nal which includes a display device and a control part for
driving the display device, the display device including the
above described organic electronic device. The terminal
means a wired/wireless communication terminal which is
currently used or will be used in the future. The above
described terminal according to the present invention may be
a mobile communication terminal such as a cellular phone,
and may include all kinds of terminals such as a PDA, an
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electronic dictionary, a PMP, a remote control, a navigation
unit, a game player, various kinds of TV, and various kinds
of computers.

EXAMPLE

[0055] Hereinafter, the present invention will be described
more specifically with reference to Preparation Examples and
Experimental Examples. However, the following examples
are only for illustrative purposes and are not intended to limit
the scope of the invention.

PREPARATION EXAMPLE

[0056] Hereinafter, Preparation Examples or Synthesis
Examples of the compounds including a 5-membered hetero-
cycle, represented by Formula 1,. will be described. However,
since there are many compounds including a 5-membered
heterocycle, represented by Formula 1, one compound or two
compounds from among the compounds will be exemplified.
The person skilled in the art of the invention should realize
that other compounds including a 5-membered heterocycle
can be prepared through Preparation Examples as described
below although they are not exemplified.

[0057] Synthesis Method

[0058] Hereinafter, Preparation Examples or Synthesis
Examples of the compounds including a 5-membered hetero-
cycle, represented by Formula 1, will be described. However,
since there are many compounds including a 5-membered
heterocycle, represented by Formula 1, one compound or two
compounds from among the compounds will be exemplified.
A person skilled in the art of the invention should realize that
other compounds including a 5-membered heterocycle can be
prepared through Preparation Examples as described below
although they are not exemplified.

Synthesis Example 1

[0059]
1. n-BuLi
triisopropyl borate
THF
- 00000 O o
2. IN—HCI

2-Bromonitrobenzene

S Pd(PPhs)y
B(OH), K,C0;
N THF/H,0
O D PPh3
e
S N02 o-DCB
B
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-continued
O Q NI 4-Bromobiphenyl
_ =
S Pdy(dba)s/P(tBu);
NaOtBu
Toluene

9

13
[0060] Synthesis Method of Intermediate A
[0061] Dibenzothiophene was dissolved in tetrahydrofu-

ran, and the temperature of the reaction product was lowered
to =78° C. n-Buli (2.5 M in hexane) was slowly added
thereto, and the mixture was stirred for 1 hour at 0° C. Then,
the temperature of the product was lowered to -78° C.,and a
triisopropyl borate solution dissolved in tetrahydrofuran was
dropped thereto, followed by stirring for 12 hours at room
temperature. After the completion of the reaction, the result-
ant product was added with 1N-HCl aqueous solution, stirred
for 30 minutes, and extracted with ether. From the extract, a
small amount of water was removed by magnesium sulfate
anhydrous, followed by vacuum-filtration. Then, the product
obtained after concentration of an organic solvent was puri-
fied by column chromatography to give a required interme-
diate A (yield: 71%).

[0062] Synthesis Method of Intermediate B

[0063] The intermediate A obtained from the previous step,
2-bromonitrobenzene, Pd(PPh3)4, and potassium carbonate
(K,CO;) were dissolved in tetrahydrofuran and a small
amount of water, followed by reflux for 24 hours. After the
completion of the reaction, the reaction product was cooled to
room temperature, extracted with dichloromethane
(CH,Cl,), and washed with water. From the extract, a small
amount of water was removed by magnesium sulfate anhy-
drous, followed by vacuum-filtration. Then, the product
obtained after concentration of an organic solvent was puri-
fied by column chromatography to give a required interme-
diate B (yield: 87%).

[0064] Synthesis Method of Intermediate C

[0065] Theintermediate B obtained from the previous step,
and triphenylphosphine were dissolved in 0-DCB(o-dichlo-
robenzene), followed by reflux for 24 hours. After the
completion of the reaction, vacuum distillation was carried
out for removal of a solvent. Then, the concentrated product
was purified by column chromatography to give a required
intermediate C (yield: 61%).

[0066] Synthesis Method of Compound 1-3

[0067] Theintermediate C obtained from the previous step,
4-bromobiphenyl, Pd2(dba)3, P(tBu)3, and NaOtBu were
dissolved in a toluene solvent, followed by reflux for 6 hours
at 110° C. After the completion of the reaction, the reaction
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product was subjected to vacuum filtration through celite and [0068] 2. Synthesis of Compounds 2-1 and 3-1 Repre-
silica gel by using a hot toluene solvent. The temperature was ~ sented by Formulas 9 and 10
cooled to room temperature, and the deposited product was

recrystallized again by toluene and acetone so as to give a Synthesis Example 2
required compound 1-3 (yield: 70%). [0069]
Br Q)
@ 1.n-BuLi
@ triisopropyl berate
Bry THF
—_—
CS,y 2. IN—HCI
s $ @
B(OH),
@
2-Bromonitrobenzene
T .
Pd(PPhy)y
S KO3 (B
THF/H,0
E
Bromobenzene
Pdy(dba)y/P(tBu)s
g NaOtBu
Toluene
PPh, G
NO

S @ O
AN Bromobenzene
F L _—
Pdy(dba)s/P(tBu)s
NaOtBu
Toluene
S
H
S
2-1
: : |
S
3-1

@indicates text missing or illegible when filed
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[0070] Synthesis Method of Intermediate D

[0071] Dibenzothiophene was dissolved in carbondisulfide
(C8,), and bromine was slowly dropped thereto. The resultant
mixture was stirred at room temperature for 12 hours. After
the completion of the reaction, the product produced by con-
centration of an organic solvent through a decompressor was
recrystallized by an ethanol solvent so as to give a required
intermediate D (yield: 86%).

[0072] Synthesis Method of Intermediate E

[0073] The intermediate D obtained from the previous step
was dissolved in anhydrous tetrahydrofuran, and the tempera-
ture of the reaction product was lowered to -78° C. n-BuLi
(2.5 M in hexane) was slowly dropped thereto, and the reac-
tion temperature was stirred at 0° C. for 1 hour. Then, the
temperature of the reaction product was lowered to -78° C.,
and a triisopropyl borate solution dissolved in tetrahydrofu-
ran was dropped thereto, followed by stirring for 12 hours at
room temperature. After the completion of the reaction, the
resultant product was added with IN-HC1 aqueous solution,
stirred for 30 minutes, and extracted with ether. From the
extract, a small amount of water was removed by magnesium
sulfate anhydrous, followed by vacuum-filtration. Then, the
product obtained after concentration of an organic solvent
was purified by column chromatography to give a required
intermediate E (yield: 82%).

[0074] Synthesis Method of Intermediate F

[0075] Theintermediate E obtained from the previous step,
2-bromonitrobenzene, Pd(PPh3)4, and potassium carbonate
(K,CO;) were dissolved in tetrahydrofuran and a small
amount of water, followed by reflux for 24 hours. After the
completion of the reaction, the reaction product was cooled to
room temperature, extracted with dichloromethane
(CH,CL,), and washed with water. From the extract, a small
amount of water was removed by magnesium sulfate anhy-
drous, followed by vacuum-filtration. Then, the product

@00

Bis(pir-acol-ano)diboron

(i~

PdCly(dppf)/ KOAc

() DMF
@

=z

O
S
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obtained after concentration of an organic solvent was puri-
fied by column chromatography to give a required interme-
diate F (yield: 87%).

[0076] Synthesis Method of Intermediates G and H

[0077] Theintermediate F obtained from the previous step,
and triphenylphosphine were dissolved in 0-DCB, followed
by reflux for 24 hours. After the completion of the reaction,
vacuum distillation was carried out for removal of a solvent.
Then, the concentrated product was purified by column chro-
matography to give required intermediates G and H (yield:
61%, ratio of G to H=6:4).

[0078] Synthesis Method of Compound 2-1

[0079] Theintermediate G obtained from the previous step,
bromobenzene, Pd2(dba)3, P(tBu)3, and NaOtBu were dis-
solved in a toluene solvent, followed by reflux for 6 hours at
110° C. After the completion of the reaction, the reaction
product was subjected to vacuum filtration through celite and
silica gel by using a hot toluene solvent. The temperature was
cooled to room temperature, and the deposited product was
recrystallized again by toluene and acetone so as to give a
required compound 2-1 (yield: 68%).

[0080] Synthesis Method of Compound 3-1

[0081] Theintermediate H obtained from the previous step,
bromobenzene, Pd2(dba)3, P(tBu)3, and NaOtBu were dis-
solved in a toluene solvent, followed by reflux for 6 hours at
110° C. After the completion of the, reaction, the reaction
product was subjected to vacuum filtration through celite and
silica gel by using a hot toluene solvent. The temperature was
cooled to room temperature, and the deposited product was
recrystallized again by toluene and acetone so as to give a
required compound 3-1 (yield: 62%).

[0082] 3. Synthesis of Compounds 4-3 and 5-3 Repre-
sented by Formulas 11 and 12
Synthesis Example 3
[0083]
0]
Q
7
0.
e
O Q B\ i
N e} Pd(PPhs)4
H KyCO3
THF/H,0
]
@ 0Q0

1. Trifluoromethonesudonic acid

2. Pyridiner/H,O
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-continued

L -0

s ® 0
4-Bromobiphenyl
_—
Pd,(dba)3/P(tBu);
NaOtBu
Toluene

@ indicates text missing or illegible when filed

[0084] Synthesis Method of Intermediate J

[0085] 2-Bromocarbazole, bis(pinacolato)diboron, palla-
dium chloride (PdCl,) (dppf), and KOAc were dissolved in
dimethylformamide, followed by stirring at 130° C. for 3
hours. After the completion of the reaction, the reaction prod-
uct was cooled to room temperature, and then added with
ether and distilled water, followed by stirring at room tem-
perature. An organic was separated from a water layer, and the
separation was repeatedly carried out twice by the same
method. The resultant product produced through the concen-
tration of the organic layer was recrystallized by acetonitrile
s0 as to give a required intermediate J (vield: 38%).

[0086] Synthesis Method of Intermediate K

[0087] The intermediate J obtained from the previous step,
1-bromo-2-(methylsulfinyl)benzene, Pd(PPh3)4, and potas-
sium carbonate were dissolved in tetrahydrofuran and a small
amount of water, followed by reflux for 24 hours. After the
completion of the reaction, the reaction product was cooled to
room temperature, extracted with dichloromethane
(CH,Cl,), and washed with water. From the extract, a small
amount of water was removed by magnesium sulfate anhy-
drous, followed by vacuum-filtration. Then, the product
obtained after concentration of an organic solvent was puri-
fied by column chromatography to give a required interme-
diate K (yield: 51%).

4-Bromocolphenyl

Pd,(dba)3/P(tBu);
NaOtBu

g Toluene

O~

43

7
9

el

[0088] Synthesis Method of Intermediates L and M
[0089] The intermediate K obtained from the previous step
was dissolved in trifluoromethanesulfonic acid solvent, fol-
lowed by stirring at room temperature for 48 hours. After the
completion of the reaction, the reaction product was added
with a mixed solvent of water and pyridine, followed by reflux
for 20 minutes. The reaction product was cooled to room
temperature, extracted with dichloromethane (CH,Cl,), and
washed with water. From the extract, a small amount of water
was removed by magnesium sulfate anhydrous, followed by
vacuum-filtration. Then, the product obtained after concen-
tration of an organic solvent was purified by column chroma-
tography to give required intermediates L and M (vield: 38%,
ratio of L to M=8:2).

[0090] Synthesis Method of Compound 4-3

[0091] Theintermediate L obtained from the previous step,
4-bromobiphenyl, Pd2(dba)3, P(tBu)3, and NaOtBu were
dissolved in a toluene solvent, followed by reflux for 6 hours
at 110° C. After, the completion of the reaction, the reaction
product was subjected to vacuum filtration through celite and
silica gel by using a hot toluene solvent. The temperature was
cooled to room temperature, and the deposited product was
recrystallized again by toluene and acetone so as to give a
required compound 4-3 (yield: 77%).

[0092] Synthesis Method of Compound 5-3

[0093] The intermediate M obtained from the previous
step, 4-bromobiphenyl, Pd2(dba)3, P(tBu)3, and NaOtBu
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were dissolved in a toluene solvent, followed by reflux for 6
hours at 110° C. After, the completion of the reaction, the
reaction product was subjected to vacuum filtration through
celite and silica gel by using a hot toluene solvent. The tem-
perature was cooled to room temperature, and the deposited
product was recrystallized again by toluene and acetone so as
to give a required compound 5-3 (yield: 63%).

[0094] 4. Synthesis of Compound 6-1 Represented by For-
mula 13

Synthesis Example 4
[0095]

Bis(pina colato)diboron

PdCLy(dppf)/KOAc
DMF

N
H

O

I
S
\Péo _
0]
~E
Br
Pd(PPh3),
K,C04
THEF/H,O
N
)it
N
O
Q //
\
1. Trifluoromethanesulfonic acid
O O 2. Pyridine/l,O
N
H
0

Bromobenzene
_— -

N
Pd(dba)s/P(tBujz
NaOtBu
Toluene
N
H

P
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[0096] Synthesis Method of Intermediate N

[0097] 1-Bromocarbazole, bis(pinacolato)diboron, palla-
dium chloride (PdCL,)(dppf), and KOAc were dissolved in
dimethylformamide, followed by stirring at 130° C. for 3
hours. After the completion of the reaction, the reaction prod-
uct was cooled to room temperature, and then added with
ether and distilled water, followed by stirring at room tem-
perature. An organic was separated from a water layer, and the
separation was repeatedly carried out twice by the same
method. The resultant product produced through the concen-
tration of the organic layer was recrystallized by acetonitrile
s0 as to give a required intermediate N (yield: 35%).

[0098] Synthesis Method of Intermediate O

[0099] Theintermediate N obtained from the previous step,
1-bromo-2-(methylsulfinyl)benzene, Pd(PPh3)4, and potas-
sium carbonate were dissolved in tetrahydrofuran and a small
amount of water, followed by reflux for 24 hours. After the
completion of the reaction, the reaction product was cooled to
room temperature, extracted with dichloromethane
(CH,Cl,), and washed with water. From the extract, a small
amount of water was removed by magnesium sulfate anhy-
drous, followed by vacuum-filtration. Then, the product
obtained after concentration of an organic solvent was puri-
fied by column chromatography to give a required interme-
diate O (yield: 62%).

[0100] Synthesis Method of Intermediate P

[0101] The intermediate O obtained from the previous step
was dissolved in trifluoromethanesulfonic acid solvent, fol-
lowed by stirring at room temperature for 48 hours. After the
completion of the reaction, the reaction product was added
with amixed solvent of water and pyridine, followed by reflux
for 20 minutes. The reaction product was cooled to room
temperature, extracted with dichloromethane (CH,Cl,), and
washed with water. From the extract, a small amount of water
was removed by magnesium sulfate anhydrous, followed by
vacuum-filtration. Then, the product obtained after concen-
tration of an organic solvent was purified by column chroma-
tography to give a required intermediates P (yield: 42%).
[0102] Synthesis Method of Compound 6-1

[0103] Theintermediate P obtained from the previous step,
bromobenzene, Pd2(dba)3, P(tBu)3, and NaOtBu were dis-
solved in a toluene solvent, followed by reflux for 6 hours at
110° C. After, the completion of the reaction, the reaction
product was subjected to vacuum filtration through celite and
silica gel by using a hot toluene solvent. The temperature was
cooled to room temperature, and the deposited product was
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recrystallized again by toluene and acetone so as to give a
required compound 6-1 (yield: 75%). -continued _
[0104] Fabrication Test of Organic EL Device

[0105] AnOLED was manufactured according to a conven-
tional method by using each of compounds 1-3, 2-1, 3-1, 4-3, A
5-3, and 6-1 obtained by synthesis as a light emitting host Ir
material for a light emitting layer. First, on a glass substrate, N

an ITO layer (anode) was formed with a thickness of 10 nm. |
On the ITO layer (anode), a copper phthalocyanine (herein- x
after, referred to as CuPc) film as a hole injection layer was B -
vacuum-deposited. Then, on this film, 4,4-bis[N-(1-naph- Ir(ppy)s
thyl)-N-phenylaminolbiphenyl (hereinafter, referred to as
a-NPD) as a hole transport compound was vacuum-deposited
with a thickness of 30 nm so as to form a hole transport layer.
After the hole transport layer was formed, each of the com-
pounds 1-3, 2-1, 3-1, 4-3, 5-3, and 6-1 as a phosphorescence
host material was deposited on the hole transport layer so as
to form a light emitting layer. At the same time, as a phos-
phorescent Ir metal complex dopant, tris(2-phenylpyridine)
iridium (hereinafter, referred to as Ir(ppy);) was added.

Herein, in the light emitting layer, the concentration of
Ir(ppy); was 5 wt %. As a hole blocking layer, (1,1-bisphe- O

nyl)-4-olato)bis(2-methyl-8-quinolinolato)aluminum (here-

inafter, referred to as BAlq) was vacuum-deposited with a

thickness of 10 nm, and then as an electron injection layer, BAlg
tris(8-quinolinol)aluminum (hereinafier, referred to as Alqs) AN
was film-formed with a thickness 0f 40 nm. Then, LiF (alkali-

metal halide) was deposited with a thickness 0f 0.2 nm, and Al

was deposited with a thickness of 150 nm. The AI/LiF was

used as a cathode while the OLED was fabricated.

1/0
SN x
[Formula 14]
N,
N NN\

@ Alq3
\ COMPARISON EXAMPLE

% h \ [0106] Forcomparison, instead of the inventive compound,
\ X a compound (hereinafter, referred to as CBP) represented by
N Formulabelow was used as a light emitting host material so as
to fabricate an OLED with the same structure as that of Test
Example.

CuPe

[Formula 15]

t0oh Goof

@) NPD
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TABLE 1
Host
material of
light current lumincus  chromaticity
emitting Voltage  density luminance efficiency coordinates
layer (V) (mA/em?)  (cdim®)  (cd/A) %7y)
Example ]  compound 1-3 5.5 0.35 106 51.3 {0.30, 0.60)
Example 2 compound 2-1 5.8 0.33 107 47.3 {0.30, 0.60)
Example 3 compound 3-1 5.9 0.31 105 45.2 {0.32,0.61)
Example 4  compound 4-3 5.9 0.31 105 44.2 {0.30, 0.60)
Example 5 compound 5-3 5.6 0.32 107 48.3 {0.31,0.61)
Example 6  compound 6-1 6.1 0.31 103 43.9 {0.30, 0.60)
Comparative CBP 6.1 0.31 101 32.6 {0.33,0.61)
Example 1
[0107] From the results noted in Table 1, it can be seen that in Formula above, R, through R, , each are independently

in an OLED using the inventive material for the OLED, it is
possible to obtain long-life green light with a high efficiency,
and an improved color purity. Thus, the inventive material as
a green phosphorescence host material for an OLED can
significantly improve the luminous efficiency and lifetime.

[0108] It is natural that even though the inventive com-
pounds are applied to other organic material layers of an
OLED, e.g., a light emitting layer, an auxiliary light emitting
layer, an electron injection layer, an electron transport layer,
and a hole injection layer as well as a hole transport layer, it is
possible to achieve the same effects.

[0109] Although a preferred embodiment of the present
invention has been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims. Therefore, the embodiments disclosed
in the present invention are intended to illustrate the scope of
the technical idea of the pre’sent invention, and the scope of
the present invention is not limited by the embodiment.

[0110] The scope of the present invention shall be con-
strued on the basis of the accompanying claims in such a
manner that all of the technical ideas included within the
scopeequivalent to the claims belong to the present invention.

What is ¢laimed is:

1. A compound represented by Formula below, or a deriva-
tive compound thereof:

Ry

selected from the group consisting of a hydrogen atom,
a halogen atom, a cyano group, an alkoxy group, a thiol
group, a substituted or unsubstituted alkyl group having
1 to 50 carbon atoms, a substituted or unsubstituted
alkoxy group having 1' to 50 carbon atoms. a substituted
or unsubstituted alkenyl group having 1 to 50 carbon
atoms, a substituted or unsubstituted arylene group hav-
ing 5 to 60 carbon atoms, a substituted or unsubstituted
aryl group having 5 to 60 carbon atoms, a substituted or
unsubstituted aryloxy group having 5 to 60 carbon
atoms, a substituted or unsubstituted C, ~C, alkyl group
Jhaving at least one of sulfur (S), nitrogen (N). oxygen
(O), phosphorous (P) and silicon (Si), a substituted or
unsubstituted Cs~Cgy, heteroaryl group having at least
one of sulfur (S), nitrogen (N), oxygen (O), phosphorous
(P) and silicon (Si), and a substituted or unsubstituted
Cs~Cy, heteroaryloxy group having at least one of sul-
fur, nitrogen, oxygen, phosphorous and silicon,

X is at least one selected from sulfur, oxygen or silicon,

Y is selected from the group consisting of ahydrogen atom,
a halogen atom, a cyano group, an alkoxy group, a thiol
group, a substituted or unsubstituted alkyl group having
1 to 50 carbon atoms, a substituted or unsubstituted
alkenyl group having 1 to 50 carbon atoms. a substituted
or unsubstituted arylene group having 5 to 60 carbon
atoms, a substituted or unsubstituted aryl group having 5
to 60 carbon atoms, a substituted or unsubstituted ary-
loxy group having 5 to 60 carbon atoms, a substituted or
unsubstituted C,~Cx, alkyl group having at least one of
sulfur, nitrogen, oxygen, phosphorous and silicon, a
substituted or unsubstituted C;~Cg, heteroaryl group
having at least one of sulfur, nitrogen, oxygen, phospho-
rous and silicon, and a substituted or unsubstituted
C~Cy, heteroaryloxy group having at least one of sul-
fur, nitrogen, oxygen, phosphorous and silicon, and

nis an integer from 1 to 3.

2. The compound as claimed in claim 1, wherein R,
through R, each are able to form a substituted or unsubsti-
tuted saturated or unsaturated ring together with an adjacent
group.

3. The compound as claimed in claim 1, wherein the com-
pound is any one of compounds below.
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-continued

4. The compound as claimed in claim 2, wherein the com-
pound is any one of compounds below.

1-1

1-2
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5. An organic electronic device comprising one or more
organic material layers comprising the compound as claimed
in claim 1.

48

Apr. 5,2012

6. The organic electronic device as claimed in claim 5,
wherein the organic material layers are formed by a soluble
process of the compound.

7. The organic electronic device as claimed in claim 5,
wherein the organic electronic device is an organic light emit-
ting diode in which a first electrode, said one or more organic
material layers, and a second electrode are sequentially lay-
ered.

8. The organic electronic device as claimed in claim 7,
wherein the organic material layers comprise any one of a
hole injection layer, a hole transport layer, a light emitting
layer, an electron transport layer, and an electron injection
layer.

9. The organic electronic device as claimed in claim 7,
wherein the organic material layers comprise a light emitting
layer, and in the light emitting layer, the compound is used as
a host or dopant material.

10. A terminal comprising a display device and a control
part for driving the display device, the display device com-
prising the organic electronic device as claimed in claim 7.

11. The terminal as claimed in claim 10, wherein the
organic electronic device is any one of an organic light emit-
ting diode (OLED), an organic solar cell, an organic photo
conductor (OPC) drum, and an organic transistor (organic
TFT).
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